To provide a further insight into the as-obtained nanoparticles, TEM investigation and EDS analysis are also performed. The TEM image and HRTEM micrograph in Fig S1(a) and Fig. S1(b) reveal that the sample consists of uniform and well-dispersed nanoparticles with a diameter about 40 nm. The determined interplanar distances of 0.32 nm between the adjacent lattice planes agrees well with the d 111 spacing of cubic NaYF 4 (JCPDS No. 77-2042). Moreover, the SAED pattern in Fig. S1(c) shows spotty polycrystalline diffraction rings, which can be indexed to the (111), (200), (220), and (311) planes of cubic NaYF 4 lattice. Additionally, the EDS in Fig. S1(d) shows a characteristic intensity profile of Na, Y, and F elements.
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Simultaneous morphology manipulation and upconversion luminescence enhancement of β-NaYF 4 To provide a further insight into the as-obtained nanoparticles, TEM investigation and EDS analysis are also performed. The TEM image and HRTEM micrograph in Fig S1(a) and Fig. S1 (b) reveal that the sample consists of uniform and well-dispersed nanoparticles with a diameter about 40 nm. The determined interplanar distances of 0.32 nm between the adjacent lattice planes agrees well with the d 111 spacing of cubic NaYF 4 (JCPDS No. 77-2042). Moreover, the SAED pattern in Fig. S1 (c) shows spotty polycrystalline diffraction rings, which can be indexed to the (111), (200), (220), and (311) planes of cubic NaYF 4 lattice. Additionally, the EDS in Fig. S1(d) shows a characteristic intensity profile of Na, Y, and F elements. Quantum yield (QY), defined as the ratio of the emitted photons to the absorbed photons, was 4 measured by fluorescence spectrophotometer (FLS 980). An integrating sphere was mounted on the spectrofluoremeter with the entrance and exit ports located in 90 o C geometry. The as-synthesized sample was located in the center of the integrating sphere. All the recorded spectroscopic data were corrected from the spectral responses of both the spectrofluoremeter and the integrating sphere. Based on this setup (Fig. S9) , QY is determined sing the following equation [1] [2] [3] :
Where η represents QY, L sample is the emission intensity, E reference and E sample are the intensities of the excitation light not absorbed by the reference and the sample, respectively. The undoped reference (NaYF 4 ) was used as the standard reference. The difference in integrated areas between the sample and the reference represents the number of the absorbed photons. The photons emitted were determined by integrating the area of the emission band. In order to calculate the specific surface area of the as-obtained samples, we start from the simplest case: Prismatic microrods of hexagonal NaYF 4 , as shown in Fig. S13 . 
